Introduction
Severe malaria anaemia is defined as haemoglobin concentration <5g/dl associated with Plasmodium falciparum parasitaemia. (WHO, 1986) Other causes of anaemia have to be excluded as asymptomatic falciparum parasitaemia is common in endemic areas. (Salako et al,1990) Severe anaemia may exist alone or in combination with other complications particularly cerebral malaria and respiratory distress in which it portends worse prognosis. (WHO, 2004) It is a significant cause of morbidity and mortality in children below five years of age. Children below 3 years are predominantly affected with a mean age of 1.8 years. (Krause,2000) Available data suggests that severe malaria anaemia is the commonest complication of malaria in areas subjected to high inoculation rates throughout the year. (Newton & Krishna, 1998) . It accounts for between 26 and 62% of severe malaria admissions in malaria endemic countries (Satpathy et al,2004 , Mockenhaupt et al,2004 ) and up to 29% of total hospital admissions as reported in Ilorin (Ernest,2002) and Kenya. (Lackritz et al,1992) . Hospital based data of deaths from anaemia ranges between 11.2% in Sierra Leone and 14% in Kenya for children below 5 years. (Brabin et al,2002) . Most deaths occur within 2 days of admission underscoring the importance of adequate blood banking facilities in our primary health care centres. (Newton &Krishna, 1998 , Lackritz et al,1992 .
Pathogenesis of severe malaria anaemia
Multiple mechanisms may account for anaemia in children infected with malaria. Host factors, associations with parasitic infections, nutritional deficiencies of iron, Vitamins B12, Vitamin E, and folate, in addition to drug associated causes are important considerations. Children under 5 years are more prone to severe malaria anaemia. The following are some of the key pathogenetic mechanisms:
Host factors
Age: Malaria affects all age groups and congenital malaria is relatively uncommon. (Stephen et al,1996 , Falade et al,2007 ) There is no sex predilection. It is relatively uncommon in the first few months of life due to the high concentration of haemoglobin F which is not favorable for parasite growth, presence of maternal immunoglobulins (Falade et al,2007) and selective shielding of infants from parasite. Exclusively breastfed infants are also deficient in paraaminobenzoic acid which the parasite thrives upon. (Gilles, 1957) www.intechopen.com
Anemia 284
Immune status: Natural immunity occurs in subjects that are heterozygous for Haemoglobin S, thalassaemia, G6PD deficiency, Human Leucocyte Antigen classes I and II alleles, Band 3, Spectrin, Lewis, Kid Js red cell types. (Luzatto, 1974 , Miller et al,1976 , Allison 1954 , Marsh, 2002 They are believed to be a protective mutation representing a balanced genetic polymorphism that occurred over the years in response to the threat of malaria. Individuals that are duffy negative also lack the receptor for vivax merozoites on their red cells and are resistant to vivax infection. Although new evidence is beginning to contradict this age long position and there are increasing reports of P vivax infection in Duffy negative individuals.(Mercereau-Puijalon &Menard, 2010) Acquired immunity which may be passive as in transplacental transfer of maternal IgG to babies (Falade et al, 2007 , Marsh,2002 or active immunity following repeated exposure to the parasite determine incidence and severity of infection. IgM and IgG immunoglobulin response to malaria particularly IgG protects against invasion of red cells by merozoites. (Anonymous, 1975) These immunoglobulins also promote phagocytosis of erythrocytes containing maturing schizonts. Blood group type: Parasite virulence has been found to be reduced in blood group O erythrocytes compared with groups A, B and AB suggesting that Blood group O may confer some resistance to severe falciparum malaria. A matched case-control study of 567 Malian children found that group O was present in only 21% of severe malaria cases compared with 44-45% of uncomplicated malaria controls and healthy controls. Group O was associated with a 66% reduction in the odds of developing severe malaria compared with the non-O blood groups. (Rowe et al, 2007) Others have confirmed that blood group A is a co receptor for plasmodium falciparum rossetting, a mechanism by which the parasite potentiates its virulence causing severe malaria. (Barragan et al, 2000) Nutritional status: Nutritional status of the host also plays a role as severe malaria has been reported to be uncommon in marasmic and kwarshiokor patients. (Goyal, 1991) Malnutrition is thought to contribute to 53% of under-5 mortality in the developing world. (Caulfield et al, 2004) The global distribution of malnutrition overlaps with that of malaria. However the relationship between malnutrition and malaria is unclear. The pathology of malaria is partly immune mediated requiring both cellular and humoral mechanisms for its evolution. (Jhaveri et al, 1997 , Turrini et al, 2003 , Sandau,2001 This partly explains why under-nutrition is widely believed to be protective for severe malaria. (Goyal, 1991) Genetic disorders: Haemoglobinopathies, membranopathies and inherited enzyme deficiencies particularly G6PD all contribute to the anaemia in affected children. In each case multiple mechanisms are at work though one or two mechanisms predominate. (Wickramasinghe & Abdallah,2000) Generally severe malaria anaemia is characterized by a low reticulocyte response and high erythropoietin levels. (Roberts et al, 2005) 
Lysis of parasitized erythrocytes
As part of the malaria life cycle, rupture of erythrocytes to release merozoites result in cell lysis. The merozoites destroy the red blood cell by its own protease enzyme. The released merozoites attack other red cells and through the repeated cycles of red cell lysis, anaemia ensues. This is particularly important for falciparum as it has the propensity to invade large cell populations of all age groups. This also partly accounts for the reticulocytopenia as the reticulocytes are not spared of the direct invasion in addition to other mechanisms that suppress regeneration of red cell precursors in the bone marrow (dyserythropoeisis ) In contrast p vivax invades only the young and large cells with less severity of anaemia Severe anaemia develops rapidly in children and the rate is directly proportional to the degree of parasitaemia in many cases. (WHO, 2004 , Afolabi et al, 2002 ) However, parasitaemia is not a very reliable indicator of severity as a large number of parasitized red cells may be sequestered in capillaries and venules of vital organs and hence not detected in the peripheral blood film. (Silamut & While, 1993) Prior treatment and continuous immune lysis after parasitic clearance also impair the reliability of parasitaemia as a reliable indicator of severity of anaemia.
Immune mediated lysis
There is evidence for immune mediated lysis of both parasitized and non parasitized red cells as specific antibodies are produced against them. Increased clearance of red blood cells still occur even after parasitic clearance. (Ouma et al, 2008 , Edington & Gilles, 1976 , Warell et al, 2002 , Stouti et al, 2002 This occurs as a result production of antibodies to non parasitized cell, binding of soluble malaria antigens to the red cells, binding of immune complexes to red cell surface with subsequent removal by immune lysis and the erythrophagocytosis. (Warell et al, 2002) The observation of reduced complement particularly C3 during acute attacks, increased destruction of transfused cells in malaria patients also support the possibility of an immune mediated lysis. Complement mediated lysis is increased due to loss of complement regulatory protein CD-55 and CD -59 associated with malaria which protects inadvertent complement mediated lysis. (Stouti et al, 2003) In addition to this the increased production of immune complexes including malaria antigen and drug associated complexes increase complement activation. Non specific polyclonal activation of B cell is a common finding in malaria and may cause production of autoantibodies some of which could conceivably be directed at red cell antigens. (Jhaveri et al, 1997) Transfusion of malaria antigens alone in the absence of infection in animals giving rise to adverse effects on the red cells further strengthen the evidences for immune lysis. (Satpathy et al, 2004) 2.4 Removal by the reticuloendothelial system Removal, particularly in the spleen, of deformed, parasitized red cells and immune sensitized red cells appears to be the most significant mechanism and explains why majority of patients do not present with overt signs of hemolysis such as jaundice and dark colored urine as is commonly found in other causes of intravascular hemolysis. Cytokine dysregulation and increased Tumor Necrosis Factor  (TNF -) can activate macrophages which in a hyperactive stage may even reduce its threshold for amount of antibody coating needed for phagocytosis i.e. minimally sensitized red cells which otherwise would not have been phagocytosed now are actively phagocytosed due to activation of the monocytes and macrophages. (Turrini et al, 2003) 2.5 Bone marrow suppression Anaemia due to malaria is hyporegenerative along with mild to moderate shortening of red cell life span. It is characterized either by normochromic normocytic or hypochromic microcytic features and associated with hypoferinaemia, low total iron binding capacity, transferring, low reticulocyte count and raised levels of inflammatory proteins like fibrinogen. (Abdalla, 1990) These are all features of anaemia of chronic disorder. So long as the insult persists, administration of iron does not correct the anaemia. Interleukins (IL-1 www.intechopen.com Anemia 286 and IL-6) and TNF - have been found to be significantly elevated in patients with severe anaemia due to malaria and they have an inverse relationship to the degree of anaemia found in such patients. (Issifou et al, 2003 , McDevitt et al, 2004 The bone marrow shows a non specific suppression of all cell lines and there is a sequestration of young erythrocytes and reticulocytes. (Edington & Gilles, 1976) 2.6 Iron shunting for parasite use The hypoferrinaemia discussed above can be explained by three mechanisms (Ghosh, 2007) 1. Locking of iron in macrophage stores 2. Synthesis of iron binding proteins with higher affinity for iron than transferrin by inflammatory cells leading to a mop up of available iron 3. Reduction in transferrin synthesis by the hepatocytes The overall effect is a reduction in iron (a growth promoting nutrient) available to the parasites and the other cells that require iron for their metabolism. This contributes to reduced erythropoiesis. Malaria parasite has an enormous need for iron for its life cycle and extracts iron from host by inserting parasite specific transferring -like receptors on the host red cell membrane. This significantly contributes to the picture of iron deficiency anaemia seen particularly in children with borderline or low iron stores. (Oppenheimer, 1989) 
Hypersplenism
Intense stimulation of monocyte macrophage system associated with malaria and hypersplenism persists 4 -6 weeks after parasitic clearance.(Looaressuwan et al, 1997)2 Some non parasitized red blood cells are removed as a result of changes in the membrane and increased osmotic fragility as a result of the changes in the chemical and immunological constituents of plasma. (Ghosh, 2007) Tropical splenomegaly syndrome following repeated or chronic falciparum malaria infection and may contribute to increased red cell removal by the reticulo -endothelial system.
Dyserythropoiesis
High levels of erythropoietin and suppressed marrow response are paradoxically associated with malaria anaemia. The high erythropoietin levels is caused by high levels of hypoxia inducing factor (HIF) induced by a combination of high levels of TNF-. (Sandau et al 2001) Deficiency of IL -12 and IL -10 have been found to correlate to the marrow suppression seen in malaria. (Weatherall et al 2002) Erythroid precursors like BFU -E ( Burst forming colonies) and CFU -E (Colony Forming colonies) are inhibited. It is believed that therapeutic application of IL-10 and IL-12 provides prospects for correcting severe malaria anaemia. The inability of young children to maintain IL-10 production i n r e s p o n s e t o i n f l a m m a t o r y p r o c e s s e s contributes to the anaemia. This cytokine is a growth factor that stimulates the differentiation of haemopoietic progenitor cells in response to anaemia. (Angela O'Donnell et al 2007) . Ouma et al investigated the polymorphic variability in innate immune response genes, susceptibility to malaria and circulating inflammatory mediator levels (i.e., IL-10, TNF-alpha, IL-6 and IL-12) in 375 Kenyan children. Results demonstrated that common IL-10 promoter haplotypes modulate susceptibility to severe malaria anaemia and functional changes in circulating IL-10, TNF-alpha, and IL-12 levels in children with falciparum malaria. The expression of these haplotypes have been found to be age dependent and may account for less erythropoeitic response to anaemia in the younger child.
Role of nitric oxide
Acute malaria is associated with increases in Nitric oxide (NO) production. (Clark et al, 1991) High levels of nitric oxide inhibit Na+/K+ ATPase in the red cell membrane and oxidizes the membrane lipids through generation of peroxiynitrate causing poor deformability of red cells. Overactivation of poly-ADP ribose polymerase-1 (PARP-1) by nitric oxide and other proinflammaotry cytokines causes rapid depletion of nicotinamide adenine dinucleotide (NAD) and adenosine triphosphate (ATP) from red cells. (Clark & Cowden,2003) Hence it can inhibit red cell glycolysis. Membrane-damaged red cells are removed by the spleen. Nitric Oxide also suppresses erythropoiesis by mitochondrial damage to erythroid progenitors and early erythroid. (Xie & Wolin, 1996) 2.10 Role of haemozoin Haemozoin, a product of catabolism of haemoglobin by malaria parasite contains iron in the ferrous state which catalyzes the production of free radicals. This leads to increased production of 15-hydroxy-eicosatetraenoic acid (15-HETE) and 4-Hydroxy Nonenal (4HNE) from red cell membrane lipids. These products increase red cell stiffness and shorten red cell life span. (Arese & Schwarzwer, 1997) 2.11 Pitting of parasitized red cell Spherocytes have been found in high prevalence in peripheral blood in malaria endemic areas, and a detailed study of mechanism of whole parasitized red cell removal versus pitting out the parasite from red cell along with some amount of red cell membrane (leading to spherocyte formation) proved that the later mechanism appears to be preferred by the human body. (Anyona et al, 2006) Pitting as one of the major parasite mechanisms is also suggested by high levels of parasite-related antigens on the unaffected spherocytic red cells in malarial infection. (Anyona et al, 2006) Spherocytosis in malarial infection can be caused by several mechanisms. Spherocytes are less compliant than normal red cells and are easily removed by the spleen.
Tropical splenomegaly syndrome (hyperactive malarial splenomegaly)
In some patients with chronic exposure to malaria, P. falciparum leads to chronic and intense stimulation of splenic macrophages leading to gross splenomegaly, low levels of parasitaemia and very high levels of IgM in the serum. These patients have a defect in immunoglobulin class switching and a genetic predisposition to develop this condition. Clonal B cell proliferation in this syndrome has also been recognized. (Bates et al, 1991) Huge spleen and hyperactive reticulo-endothelial system chronically can cause significant anemia by red cell pooling. A small proportion of these patients develop non-Hodgkin lymphoma, which adds to the existent causes of anemia in this infection as a future consequence.
Endothelial injury
Parasitized red cell develops special receptors to stick to endothelial cells. This property is seen particularly with P. falciparum infection. Attachment of these parasites can take place through CD-36 ligand (Gamain et al, 2001) or through interaction with endothelial cell chondroition sulphate-like molecule. Cytokine dysregulation could up regulate endothelial adhesion molecules and converts the anti-coagulant endothelium to a procoagulant surface.
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Hence combination of these two mechanisms may cause intense red cell sequestration in deeper capillaries and disseminated intravascular coagulation (DIC) with hemorrhage. Both conditions can contribute to acute anemia in P. falciparum infection. A proportion of patients can also develop microangiopathic hemolysis.
Clinical features
The features of severe malaria anaemia are those of malaria with or without features of cardio respiratory decompensation. The signs and symptoms of uncomplicated malaria are non specific and there exists a wide range of differential diagnosis for malaria in an endemic region. Many children with malaria parasitemia are asymptomatic particularly in malaria endemic regions. Threshold values of parasitemia based on epidemiological surveys are established for various regions of endemicity to be able to ascribe the clinical features to malaria in the presence of malaria parasitemia. (Salako et al, 1990 , Krause, 2000 In malaria endemic regions, a threshold of 5,000 -10,000 parasites/ml is commonly quoted. (Snow et al, 2002) However clinical malaria can occur in the absence of detectable parasite in the blood particularly in falciparum malaria during the process of deep tissue schizogony where the maturing schizonts are sequestered in the capillaries of deep tissues like the muscle and bone marrow. (Taylor & Molyneux, 2002) Malaria is a febrile illness and majority of patients present with fever. (Ehrhardt et al, 2006) The fever may be of any pattern, the classical intermittent description of fever, within every 48 hours in falciparum, ovale, and vivax and within every 72 hours in malariae is seen if only one brood of parasite causes infection so that the cyclical rupture of erythrocytic schizonts are synchronous with the clinical symptomatology, otherwise fever may be continuous, high or low grade in nature. In cases unmodified by treatment, it starts with malaise, myalgia, anorexia, headache followed by an intense feeling of cold associated with shivering called the cold phase, core temperature is high and tachycardia is common. This lasts for about 15-30 minutes and followed by a rapid rise in temperature to as high as 410C, vomiting, headache, convulsion and delirium may occur while splenomegaly may be detected at this phase. This hot phase lasts 2-4 hours after which is the wet or defervescence where the child sweats profusely and feels better this lasts 2-4 hours. The whole cycle is repeated within 48 hours in falciparum, vivax and ovale malaria and within 72 hours in p. malariae. In the infant and younger child, symptoms are less specific and include irritability, refusal to feed, diarrhea cough and fever of any pattern predominating. (Ehrhardt et al, 2006) Vomiting, diarrhea, cough may occur and confuse the diagnosis with gastroenteritis or an acute upper respiratory tract infection. Anaemia, tachypnea, hepatosplenomegaly and dehydration are common in uncomplicated cases. (Grobusch & Kremsner, 2005 ) Altered consciousness, repeated convulsions, severe pallor, shock, jaundice, dark or coke colored urine, oliguria, prostration, respiratory distress and hyperpyrexia put patients at a high risk of dying and in addition to laboratory findings of hypoglycemia and hyperparasitemia are classified as forms of severe malaria. (WHO, 2004) The features of severe malaria anaemia are those enumerated above in addition to symptoms and signs of cardiorespiratory compromise in decompensated children, however many children have severe malarial anaemia with few or no life threatening symptoms (Lackritz et al, 1992 , English et al, 2002 and this usually follows when anaemia has developed slowly. Other children with systemic organ diseases particularly cardiac, respiratory, renal diseases and sepsis may present with signs of decompensation at higher haematocrit levels. If anaemia occurs rapidly or when these compensatory mechanisms are overwhelmed, anaerobic metabolism commences with the generation of acids and development of the signs and symptoms of decompensation. The cardinal signs of decompensation are respiratory distress (tachypnea, chest in-drawing, acidotic breathing) (WHO, 2004 tachycardia with or without gallop rhythm and tender hepatomegaly. These signs are also those of congestive cardiac failure. (Afolabi et al, 2002) Others include features of hypovolemic shock, (English et al, 1996a (English et al, ,1996b cold clammy extremities, weak thready pulses, delayed capillary refill time. (Pamba & Maitland, 2004) 
Biochemical and laboratory changes
Anaemia is a common finding in malaria and the degree correlates with severity of parasitaemia. (Grobusch & Kremsner, 2005) In severe anaemia, haematocrit is less than 15% or haemoglobin concentration less than 5g/dL. Anaemia is usually haemolytic normochromic and normocytic though macrocytic picture is seen if there is folate deficiency or with marked reticulocytosis. Mean corpuscular volume, however, varies with age in Anemia 290 children and its interpretation has to be related to the expected for age. Leucopenia with a left shift is a common finding though leucocytosis may occur in the early stage of infection or when a concomitant bacterial infection coexists. Monocytosis and malaria pigments in form of granules are found in large monocytes. (Edington & Gilles, 1976 , Warrell et al, 2002 Thrombocytopenia (Grobusch & Kremsner, 2005) with some degree of depletion of clotting factors and accumulation of fibrinogen degradation products is seen though disseminated intravascular coagulopathy is very rare. (Warrell et al, 2002 ) This is as a result of consumption coagulopathy triggered by parasite products, phagocytosis of platelets by the reticuloendothelial system and an inappropriate bone marrow response. The activation of the coagulation cascade is via the intrinsic pathway and has been found to be proportional to disease severity and is least severe in uncomplicated malaria cases. (Clemens et al, 1994) The peripheral blood film shows parasitized red cells, polychromasia, anisocytosis, poikilocytosis, target cells and in severe cases nucleated red blood cells. Oxygen delivery is determined by tissue blood flow and the arterial oxygen content. (Moroff & Dend, 1983) While tissue blood flow is dependent on the cardiac output (function of the stroke volume and the heart rate), the arterial oxygen content is a function of haemoglobin concentration and saturation and minimally the amount of oxygen dissolved in plasma. Stroke volume is determined by the preload (venous return), myocardial contractility and the afterload (resistance to flow). All these parameters are delicately regulated by a host of local autoregulatory, hormonal and neural mechanisms to maintain optimal oxygen delivery even in the face of disease. In anaemic states the arterial partial oxygen pressure (pO2) reduces and pCO2 is elevated. These factors in addition to low pH, fever, lactate, potassium and a host of others are potent stimuli for arteriolar vasodilation increasing tissue blood flow in vital organs like the brain and the heart. (William, 1997b) Autonomic discharges from the sympathetic system results in generalized vasoconstriction and venoconstriction, increase in blood pressure and a reduction in blood pool in the capacitance vessels culminating in an increase in venous return. More importantly in children the sympathetic discharge increases the heart rate by a direct stimulatory effect on the sinoatrial node and a reduction in the vagal inhibitory pulses. Additional effect of the sympathetic discharge on the renal vessels result in increased production of renin by the juxtaglomerular apparatus with subsequent activation of the Renin-Angiotensin-Aldosterone system resulting in water and salt retention further accentuating the preload. ( William, 1997b) Blood viscosity which is a function of the haematocrit drops with a progressive reduction in haematocrit such that resistance to flow further reduces in the blood vessels contributing to the increase in tissue blood flow and the venous return.67 Children in contrast to adults have a greater capacity to increase cardiac output by increasing heart rate than by increasing stroke volume; therefore tachycardia is a more prominent feature in children. Oxygen extraction from the arterial circulation is enhanced by the higher concentration of 2,3 diphosphoglycerate in children particularly in high oxygen consumption and supply dependent organs which include the brain and the heart (Marsh, 2002) while more is synthesized within 24-36hours of onset of anaemia. (Card & Brain, 1973) This results in a wider arteriovenous oxygen differential across the tissues. Depending on how rapid the anaemia develops in children, these mechanisms are brought to play so that a 50% reduction in oxygen carrying capacity results in less than 25% reduction in tissue oxygen availability. (Moroff & Dend,1983) 
Treatment
Blood transfusion with 10ml/kg of packed cells should be given over 2-4 hours with diuretic therapy to prevent volume overload (Newton et al, 1992) while whole blood transfusion is advocated for patients with proven hypovolemia. There is an increasing tendency towards whole blood transfusion based on evidence that many patients with severe malaria anaemia are actually hypovolemic with hypotension, delayed capillary refill time and low central venous pressures. (Maitland et al, 2003) Based on these findings, this school of thought postulates that cardiac failure does not occur and its features are rather those of a compensated hypovolemic shock,(WHO, 2004) thus they advocate whole blood transfusion or initial volume expansion with colloid to improve tissue perfusion and correct acidosis while awaiting blood transfusion. (Maitland et al, 2003) Severe malaria has been found to be associated with about 6.7% reduction in total body water, a loss slightly more than mild dehydration such that overzealous volume expansion may be detrimental. (Planche et al, 2004) Blood transfusion is fraught with many risks of immediate and long term complications which must be weighed against their potential benefits. Such risks include transmission of infections including HIV, Hepatitis, Ebstein Barr, cytomegalovirus and other pathogens in screened and unscreened blood. (Halim et al, 1999 , Anderson & Weinstein, 1990 ) Risk of transmitting HIV via transfusion of screened blood in the window period has been estimated to be 1 in 3 x 105 -2 x 106 while hepatitis is 1 in 1 x 105 transfusions in the USA. (Anderson & Weinstein, 1990) Others include volume overload, electrolyte abnormalities, transfusion reactions, alloimmunization in females and graft vs host disease rarely in immunocompetent hosts. (Anderson & Weinstein, 1990) Various studies have been done with the aim of increasing the threshold for blood transfusion to limit transfusion to only those at the risk of dying while advocating conservative management for the others with potent anti malarial agents with or without haematinics. (Holzer et al, 1993 , Bojang et al, 1997 These studies defined decompensation as respiratory distress or a combination of tachycardia and tachypnea in addition to tender hepatomegaly. Cochrane review of 2 of 42 such studies involving 230 children found no significant tendency towards dying among 2 groups of patients randomized for transfusion and non transfusion. (Meremikwu & Smith, 2004) In one study in Gambia with severe anaemia, those with haematocrit <12 and all those with severe anaemia in association with respiratory distress and cardiac failure were transfused while others were randomized for transfusion and conservative management with antimalarial medication and iron therapy. No stastistical significance in mortality was found and haematologic restoration viz a viz haematocrit at 28 days was better in those treated conservatively. (Bojang et al, 1997) However the need for close monitoring was reduced as well as shortened hospital stay. A study in Tanzania recruited patients with similar criteria and conservative management was with antimalarial alone. They achieved similar result except that haematocrit at 28 days was not significantly different in both groups probably due to the omission of haematinics in their treatment protocol. (Holzer et al, 1993) www.intechopen.com
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Antimalarial drug of choice are Quinine and Artemether. Artemether has a faster parasitic clearance than quinine and the additional advantage of less potential side effects. (Taylor et al, 1998) In comparison to sulphadoxine/pyrimethamine it has both a shorter parasite and fever clearance time but high recrudescence rate. (Salako et al, 1994) Artemisinin based combination therapy is being advocated as a result of this and are now available. However they are expensive, mostly come in oral preparations and may not be easily applicable in emergency situations. (WHO, 2002) 6. Findings from a clinical study on severe malaria anaemia in Ilorin, Nigeria
A cross sectional study was carried out in the Emergency Paediatric Unit of the University of Ilorin Teaching Hospital over a ten month period from February to November 2006 to document the clinical profile and haematological indices of children with severe anaemia due to malaria. The study attempted to determine the: 1. Hospital prevalence of severe anaemia in children.
2. Clinical presentation of children with severe anaemia due to malaria 3. Haematological indices (Hb, PCV,MCV,MCH, MCHC), Genotype, and Blood group of children with severe anaemia due to malaria. 4. Factors associated with risk of cardiac decompensation in children with severe anaemia due to malaria Children between 6 months and 12 years of age with suspected malaria anemia were enrolled into a case control study at the University of Ilorin Teaching Hospital from February to November 2006. Severe malaria anaemia was defined as haemoglobin concentration <5g/dl associated with Plasmodium falciparum parasitaemia in the absence of other identifiable cause of anaemia. The controls were age and sex matched children with similar characteristics above who had malaria without severe anaemia (Haematocrit >15%). Detailed history and physical examination were done on all recruited subjects. Venous samples were collected for haematocrit check, haemoglobin electrophoresis, Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin(MCH) and blood film analysis for malaria parasite prior to blood transfusion. Investigations were done using Sysmex 18 auto analyzer and Volkam SAE 2761 electrophoretic tank. Presence of malaria parasitaemia was noted while specie of parasite is detected on the thin film. Parasite count was determined by calculating the number of parasitized red blood cells corresponding to 200 white blood cells multiplied by the total white cell count divided by 200. All the subjects in the study received blood transfusion. Intravenous fluids and sodium bicarbonate were used as required. Artemether or quinine was administered at the appropriate dose. Data analysis was done using Epi-info 2004 software package on a microcomputer. For simple proportion, frequency tables were generated. Chi square test and student's 't' test was used to test for significance of the difference between categorical and continuous variable respectively. Yates correction of Chi-square and Fisher's exact were used when appropriate. A p-value of <0.05 was regarded as significant.
Results
A total of nine hundred and eighty one (981) children were admitted into the Emergency Paediatric Unit from February to November 2006 of which 209 (21.3%) were cases of severe malaria. Among the children admitted with severe malaria, 96 (45.9%) had severe anaemia; thus severe anaemia due to malaria accounted for 9.8% of total admissions in the emergency paediatric unit. One hundred and eighty six children were recruited for the study, 93 each in the subject and control groups. There were 49 males and 44 females in each group with a male to female ratio of 1.1:1. (Table 1) The mean age for the subjects was 24.03 + 14.2 onths (range 6 -60 onths) compared to 23.97 ± 14.3 onths in the controls and both were comparable (p = 0.91) About a third (32.3%) of the subjects were infants less than 12 months of age while 5.4% were children older than 48 months. 19.4% of the subjects presented to the hospital less within 3 days of onset of illness. A significantly higher proportion of the subjects presented later than 3 days compared to the controls (2 = 21.24; p = 0.001).
Parameter
Subjects n % Figure 1 shows that forty five (45%) percent of the subjects were within social class IV-V while thirty two (32%) percent were in social class III using the Oyedeji Social classification Scheme.110 A statistically higher proportion of the subjects were in the lower socio economic classes IV -V compared to the controls. (2 -9.16; p = 0.002) The predominant symptoms in both subjects and controls groups were fever, vomiting and refusal of feeds with comparable proportions as shown in Table 2 . Breathlessness and convulsion were significantly prominent among the subjects than controls while easy fatigability, abdominal swelling and loss of consciousness were seen only among the subjects.
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A combination of tachycardia and tachypnea was found in 33.3% of the subjects and 19.4% of the controls and the difference was statistically significant (2 = 4.22; p = 0.04). Among the subjects, 28% had a combination of tachycardia, tachypnea and tender hepatomegaly while 5.4% of the controls demonstrated similar signs and the difference was statistically significant.( 2 = 17.07; p = 0.001) ( Fifty three percent (53%) of the subjeects and 18(19.4%) of the controls had parasite count greater than 250,000. (Figure 3 ) The mean parasite count for children in the subject group was 499,450.43 ± 449,018.98 parasites/ml (range 8000 -3,100,000) while for controls was 283,646 ± 357,224 parasites/ml (range 23000 -730000). Mean parasite count was significantly higher among subjects compared to the controls.(2 = 2.52; p = 0.014). Fig. 3 . Parasite Count in the subjects and controls Table 6 shows the distribution of subjects and controls based on their parasite density across all age bands. Parasite count greater than 250,000 parasites/ml was significantly prominent among children less than 24 months. Sixty percent and forty eight percent of children in age bands 6 -12 months and 12-24 months respectively had parasite density higher than 250,000 parasites/ml ( p = 0.01). Among older children the proportions with parasite density higher than 250,000 parasites/ml were comparable with controls. Table 6 . Parasite count and age distribution among subjects and controls.
Discussion
Severe anaemia due to malaria accounted for 9% of all admissions into the Emergency Paediatric Unit (EPU) of the University of Ilorin Teaching Hospital similar to earlier reports of 5.2% in the same facility. (Ernest SK et al) This is comparable to 11.3% reported from Ibadan, Western Nigeria. (Orimadegun et al,2007) and 9.5% from Zambia ( Biemba et al, 2000) Several studies in holoendemic regions have documented severe anaemia as the predominant presentation of severe malaria including this study where it accounted for 45.9% of all cases of severe malaria. ( Orimadegun et al,2007 , Biemba et al, 2000 This is similar to the WHO report of a multicentre study that attributed a 51.2% contribution of severe anaemia to severe malaria burden in Ibadan.(WHO Report 2002) However Schellenberg et al in Tanzania and Modiano et al in Burkina Faso reported 24 and 21% prevalence of severe anaemia among severe malaria cases respectively. The huge burden of severe malaria and particularly severe malaria anaemia in malaria endemic region may be underestimated as a result of limited access to hospitals in developing countries. Sixty percent (60%) of the children in the study were less than 24 months of age. This finding supports previous evidence that severe malaria anaemia is seen more frequently below 3 years with a mean age of 1.8 years. (WHO 2004) A reduction in the frequency of severe anaemia beyond 24 months of life with a two fold increase in prevalence of cerebral malaria across same age band had earlier been reported in Ghana and Mali. (Oduro et al, 2007 , Ranque et al, 2008 The fact that most cases of severe anaemia are seen in children less than 2years of age is attributable to the smaller red cell mass and the relatively lower immunity to the malaria parasite compared to the older children. (Newton & Krishna, 1998) This study demonstrated a progressive and consistent reduction in proportion of severe malaria anaemia with increasing age supporting the assertion that repeated exposure to malaria with advancing age increased acquired immunity to the parasite with a reduction in severity of malaria presentation. There was a slight male preponderance among children with severe anaemia with a male to female ratio of 1.1:1. This simulates the pattern among general hospital admissions as has been reported in most studies on severe malaria. (Berkley et al, 1999 , Chessebrough, 1998 More than half of the children were from the lower socioeconomic classes III-V. Hedberg et al in Kinshasha found low socioeconomic status to be independently associated with anaemia. The children of parents with high socioeconomic status are likely to be relatively shielded from mosquitoes, live in environments with little or no breeding grounds for mosquitoes, have access to malaria prevention methods, early diagnosis and treatment. Poor nutrition, high cost and or unavailability of health services contribute to poor health seeking behaviour in this group of children of parents who belong to low socio economic classes. Severe malaria anaemia in many cases presents as an acute illness as found in this study with 48% of the patients presenting to the hospital within 3 days after onset of illness. The mean duration of illness of the subjects was 4.3 days. Studies in The Gambia and Burkina Faso reported mean duration of illness of 2 and 3.1 days respectively for children with severe malaria. (Jaff et al, 1997 , Modiano et al, 1999 It has been established that severe malaria is rapidly progressive in children with most deaths occurring within 24 hours thus definitive intervention must be undertaken within first 24 -48 hours of the illness if mortality is to be prevented. (Ernest et al, 2002 Fever was the commonest symptom reported in 97% of patients and pyrexia was documented at presentation in 77.4% of the children with severe malaria anaemia. Vomiting and refusals of feeds were equally prominent symptoms in this study. These are largely nonspecific symptoms and are found in most febrile illnesses in children. In this study, fast breathing and convulsion were more prominent in the patients with severe anaemia than controls. A third of the children in this study were underweight while Kwashiokor and Marasmic Kwashiokor were not common findings. The low weight for age may be related to the socio economic status of the study group and suggests an interplay between nutritional anaemia and malaria amongst them. Several studies have however reported a high incidence of severe anaemia due to malaria among children with low weight for age. (Oduro et al, 2007 , Hedberg et al, 1993 The rarity of Marasmus and Marasmic Kwashiokor further confirms earlier findings that severe malaria particularly cerebral malaria is not commonly seen in children with severe malnutrition. Severe malaria anaemia is partly immune mediated requiring both cellular and humoral mechanisms for its evolution. (Turrini et al, 2003 , Sandau et al, 2001 Immunosuppression depresses this mechanism and account for the uncommon presentation of severe malaria among children with severe malnutrition. Hepatomegaly, splenomegaly, pyrexia and tachycardia were the most prominent signs. Hepatomegaly and splenomegaly occurred in 94% and 58% of children respectively. A strong correlation between parasitaemia and organ enlargement has been reported. (Hedberg et al, 1993 , Mongensen et al, 2006 This is explained by the congestion of parasite infested red cells, hypertrophy and erythrophagocytosis in the reticuloendothelial system particularly the spleen and liver. (Taylor & Molyneux, 2002) The higher preponderance of hepatomegaly over splenomegaly suggests additional mechanism for organ enlargement particularly fluid retention as may occur following anaemic heart failure in decompensated children. Tachycardia was more prominent among children with severe malaria anaemia (40%) than controls (32%) though this was not found to be statistically significant. The pathophysiology of tachycardia in severe malaria is multifactorial particularly with in the presence of fever, dehydration and anaemia. Therefore tachycardia in isolation may not necessarily imply cardiac decompensation. Slow decline in haematocrit allows for effective adaptation to anaemic states and may reduce the severity of tachycardia seen among the children with severe malaria anaemia who presented late for treatment. (Moroff & Dend, 1983 , Card & Brabin, 1973 Less than a third of the children in both groups had signs of dehydration. Gastrointestinal symptoms (diarrhea, vomiting, anorexia) and late presentation contribute to dehydration. The reduced body water and intravascular space also contribute to tachycardia. In one study, severe malaria was found to be associated with about 6.7% reduction in total body water, a loss, marginally greater than values for mild dehydration such that overzealous volume expansion may be detrimental (Planche et al, 2004) Increased insensible loss from pyrexia, sweating and tachypnea are contributory factors to fluid loss in the study population. Despite the longer duration of illness and prominence of tachypnea, many of the children with severe malaria anaemia showed no or minimal signs of dehydration. We postulate that activation of the renin angiotensin aldosterone system secondary to hypoxia and hypovolemia result in compensatory fluid retention. Decompensation occurs as a result of a breakdown in maintenance of tissue oxygenation and manifests as signs of cardiorespiratory decompensation or cardiac failure. These signs are tachycardia tachypnea and tender hepatomegaly with or without cardiomegaly. (Orimadegun et al, 2007 ( A combination of tachycardia, tachypnea and tender hepatomegaly was seen in 28% of the children while the majority of children in the study (72%) were stable. Therefore it may be possible to avoid blood transfusion with its attendant risks among majority of children with SMA if facilities for close observation and early identification of need for transfusion are available. This has been severally reported that many children with severe malaria anaemia remain stable. ( Mulenga M et al, 2005 , Lackritz et al, 1992 , English et al, 2002 The mean PCV of the subjects was 11.2% and half of the children had PCV less than 12%. Signs of cardiac decompensation were demonstrated by similar proportions of subjects with PCV ≤ 12% and those with higher PCV however, among the 26 children who decompensated, seven (27%) had haematocrit levels higher than 12% while 73% had levels  12%. A study found no difference in mortality among children with a mean of PCV 14.1% randomized for blood transfusion or a more conservative management. (Holzer et al,1993) Mortality was significantly higher in children who had a combination of Hb < 4.7g/dL and clinical findings of respiratory distress. (Lackritz et al, 1992 ) Similar findings of high mortality in children with PCV < 14% with or without respiratory distress was documented in a study by . A strict PCV threshold may be insufficient for instituting blood transfusion across board. This study has shown that signs of decompensation become more prominent when PCV declines below 15% compared to higher levels of PCV among controls. However other factors contribute to the risk of decompensation as majority of children remain stable irrespective of haematocrit. Presentation at a health facility later than 3 days after onset of illness significantly reduced the risk of decompensation (p = 0.03). Decompensation occurred within first 72 hours of onset of illness in many cases. This can be attributed to the sudden onset of illness before compensatory mechanisms were well established. Lackritz et al reported that blood transfusion given after a delay of 2 days did not significantly affect mortality suggesting that deaths due to anaemia may be considerably greater in the communities than in hospitals where prompt treatment is administered. (Lacritz et al, 1992) In Ilorin, North Central Nigeria a reduction in mortality in children with severe anaemia who did not receive blood transfusion when they survived longer than 24 hours was found. (Ernest et al, 2002) All these confirm that severe malaria is a rapidly progressing disease and early intervention is required within the first 48hours of illness if mortality is to be limited. This also accounts for the relative stability observed in the majority of the study subjects as majority presented later than 72 hours to the facility. Less occurrence of features of decompensation in the children who presented later than 3 days after onset of illness may also be attributed to the possible slower decline in haematocrit during the course of the illness and the gradual deployment of compensatory mechanisms particularly synthesis of 2, 3 diphosphoglycerate which allows for increased oxygen extraction from haemoglobin. (Tuman, 1990) Age at presentation did not significantly contribute to the risk of decompensation when comparing children younger or older than 36 months. This contrasts with previous works that younger children tolerate anemia better. (Ehrhardt et al, 2006 , Tuman,1990 A conclusion however can not be made on the protective value of age as no comparison was made with older children and adults. Dehydration was not significantly associated with decompensation in this study. Ranque et al in Mali reported that SMA was less associated with dehydration than cerebral malaria. (Ranque et al, 1990 ) Conversely in another study, volume contraction and reduced central venous pressure were found in decompensated children advocating for volume expansion or whole blood transfusion for children presenting with severe anaemia due to malaria. (Marsh et al, 1995) The degree of dehydration is variable and may also be affected by other factors including reduced intake, vomiting and hyperpyrexia. It is therefore difficult to give general recommendations for fluid therapy in severe malaria anaemia cases without individual assessment of hydration status. Other factors that showed no relationship with decompensation include sex, socio economic status and temperature at presentation. High grade pyrexia was seen in 29% of the children, among whom 70.4% were observed to have decompensated compared to 55% that decompensated among children with low grade pyrexia. However this finding was not statistically significant and may be as a result of the small number of children in the category with high grade pyrexia. It does however suggests the contribution of temperature to degree of tachycardia as it is known that heart rate increases by 2.44 beats for every 0.6oC rise above normal temperature. (Mackowaik et al, 1992) The management of pyrexia is therefore of utmost importance not only in prevention of febrile convulsions but also to reduce its contribution to cardiac decompensation. Hyperparasitaemia was a common laboratory finding in children with severe anaemia in this study as 24.7% and 52.7% of children with severe malaria anaemia had parasite densities greater than 500,000parasites/mL and 250,000parasites/mL respectively. Sowunmi et al in Ibadan, South western Nigeria found age less than 5 years to be an independent risk factor for hyperparasitaemia. (Sowunmi et al, 2004 ) Hyperparasitaemia was significantly prominent in children with severe malaria anaemia who were less than 24 months compared with the controls. This finding can be explained by the waning of maternal antibody protection and increased exposure to the mosquito as the child becomes more ambulant. The prominence of hyperparasitemia in this age range reiterates the need for www.intechopen.com Anemia 304 appropriate chemotherapy for malaria parasitaemia to prevent severe malaria. Leucocytosis was the predominant finding among children with severe anaemia. The possibility of superimposed bacterial sepsis may explain the prominence of leucocytosis in these children as over half of the subjects presented later than 3 days after onset of illness. Researchers have documented 7.8 -15.6% prevalence of bacteraemia complicating severe malaria particularly in children under 3 years. (Berkley et al, 1999 , Enwere et al, 1998 A great overlap exists between severe malaria and the incidence of bacteremia as the two conditions are commoner in younger children. (Newton et al, 1997) Severe malaria potentiates this by reducing splanchnic perfusion and causing intestinal and hepatic hypoxia. This effect is brought about by sequestration of parasites in splanchnic beds and the shunting of blood away from the gastrointestinal tract to essential organs as a compensation for hypoxia associated with severe anaemia. Entry of gram negative organisms and endotoxins from the gut lumen is thus enhanced coupled with the reduction in normal hepatic filtration of these toxins and bacteria. (Usawattanahul et al, 1985) Reduced gastric acidity and immaturity of the gut lymphoid tissue in young children contribute to this. (Miller et al, 1995) Gram negative organisms particularly Non Typhoidal Salmonella sp have been reported in association with severe malaria. (Ayoola et al, 2005) They also found Escherichia coli as the commonest organism isolated in association with malaria parasitaemia. The predisposition to bacteraemia may be related to low socioeconomic status of the study group with associated poor living conditions particularly as enteral organisms have been commonly reported by many studies. WHO recommends that, threshold for administration of broad spectrum antibiotics should be low in severe malaria because of the diagnostic overlap between severe malaria and septicaemia. (WHO Library, 2006) The use of antibiotics for children with severe malaria who demonstrate poor response to potent anti malaria chemotherapy is justified to reduce mortality. Thrombocytopenia was found in 76.4% of the children, however none presented with features of disseminated coagulopathy such as bleeding diathesis. This has been reported to be a feature of falciparum malaria and is more profound in severe forms. (Viroj, 2008) Reasons for thrombocytopenia include reduced platelet survival, bone marrow suppression, destruction by anti platelet antibodies and most significantly sequestration of platelets and removal by the spleen. Disseminated intravascular hemolysis is uncommon and if present suggests an additional pathology in most instances particularly gram negative septicaemia. Normocytic normochromic anaemia with normal MCV and MCH for age was found in majority of the children with severe malaria anaemia. A fifth (21.5%) of the children had microcytic anaemia with low MCV for age. A similar proportion had low MCH values. Isolated SMA presents as normocytic normochromic anaemia however co morbidities like nutritional deficiencies and parasitic infections particularly hook worm infestations may complicate the picture with microcytic or macrocytic features. Iron deficiency anaemia, a common consequence of nutritional deficiency of iron may not be unexpected as a third of children had low weight for age while majority of the children were from low socio economic class. Premji et al reported that majority of children infected with P. falciparum were iron deficient. (Premji et al, 1995) In a randomized study in Tanzania, children given iron supplementation had low incidence of severe anaemia than those who had placebo. ( Menendez et al, 1997) These findings support the multifactorial aetiology of severe anaemia and the use of iron supplementation to reduce incidence of severe anaemia in children living in malaria endemic regions. In this study www.intechopen.com
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Children with SMA had a significantly higher incidence of microcytic anaemia than controls with 19.4% presenting with high MCV for age. A co morbid state of megaloblastic anaemia or reticulocytosis following rapid bone marrow response to hemolysis may account for these findings. AS genotype was found in a smaller proportion (15.1%) of children with severe malaria anaemia compared to controls (22%) though the difference showed no statistical significance. Traditional knowledge AS genotype has been established to protect against the progression to severe forms of malaria. The mechanisms by which mutant haemoglobins protect against severe malaria have not been definitively established and are likely multifactorial. In vitro culture experiments have shown that parasitized AS erythrocytes are more likely to sickle and support reduced parasite growth rates than their non parsitized counterparts under conditions of low oxygen tension. (Pasvol, 1980) The protection is however at the expense of early clearance of parasitized red blood cell by the spleen and contributes to some degree of anemia seen among children with AS genotype in malaria endemic regions. In this study, the lesser proportion of AS genotype found among the children with severe malaria anaemia strengthens the assertion. The ABO blood group also demonstrated no protection against severe malaria anaemia as a similar blood group distribution in the general population was found among children with severe anaemia due to malaria. This is at variance with the findings of other workers who found that parasite virulence is reduced in blood group O erythrocytes compared with groups A, B and AB suggesting that Blood group O may confer resistance to severe falciparum malaria. A matched case-control study of 567 Malian children found that group O was present in only 21% of severe malaria cases compared with 44-45% of uncomplicated malaria controls and healthy controls. Group O was associated with a 66% reduction in the odds of developing severe malaria compared with the non-O blood groups. (Mercereau & Menard, 2010) Others have confirmed that blood group A is a co receptor for plasmodium falciparum rossetting, a mechanism by which the parasite potentiates its virulence causing severe malaria. (Barragan et al, 2000) The sample size may be too small to demonstrate this effect in the study in addition to other findings that suggest the multifactorial aetiology of severe anaemia in children with malaria.
Conclusion
This study has demonstrated the clinical burden of severe malaria anaemia as a common indication for admission of young children into emergency units particularly children less than 24 months of age. The common clinical and laboratory presentation of this disease were also highlighted. This study suggests a multifactorial aetiology for SMA and also confirming that majority of affected children are clinically stable without signs of decompensation. Clinical stealth needs to be applied in determining need for transfusion in the current era of blood borne morbidities particularly HIV and hepatitis in malaria prone regions. A larger randomized study with alternative therapies needs to be conducted to prescribe clinical and laboratory guides for transfusion interventions. But in the interim, a higher threshold has been sensitized particularly in 3 situations; a. clinical stable children with severe malaria anaemia with PCV >12%, b. presence of capacity for close monitoring of patient's clinical profile for emergency transfusion while undergoing conservative management c. availability of potent appropriate anti malaria interventions. Appropriate preventive strategies should focus on early recognition and prompt treatment of malaria to prevent progression to severe malaria, provision of free or cheap anti malaria medications to reduce progression of malaria to severe forms and improvement in the living conditions particularly appropriate feeding practices to reduce incidence of malaria and anaemia associated with iron deficiency.
